Using quantitative sensory testing (QST), we found that many migraineurs seeking secondary and tertiary care exhibit cutaneous allodynia whenever they undergo a migraine attack, but not interictally (i.e. between attacks). When such patients were questionned interictally in the clinic about symptoms of skin sensitivity in past attacks, 76% of them were 'correctly' classified either as allodynic (Ն1 symptom) or non-allodynic (zero symptoms) in line with the QST analysis. In this study, patients were classified as allodynic if they documented any one symptom of allodynia during an actual migraine attack which they had already cited in an earlier interictal interview. Of a total of 151 patients, 77% were classified as allodynic, citing on average four symptoms of skin hypersensitivity, three of which were consistently cited in the interictal interview and again during an attack. Among the remaining 23% of patients who were classified as nonallodynic, half cited zero symptoms as expected, while the other half cited between one and five symptoms, each of which was cited either interictally or during an attack, but not in both. Further analysis showed that 97% of patients citing two or more symptoms during an attack consisted of the patients labelled as allodynic, and that 75% of those citing just one symptom during an attack consisted of patients labelled as non-allodynic. Short of QST analysis, the results suggest that about 90% of all patients can be identified as allodynic or nonallodynic depending on whether or not they (i) consistently cited the same item(s) both interictally and during an attack or, alternatively, (ii) cited two or more symptoms during an attack. ᮀ Headache, pain, hyperalgesia, trigeminal, triptans 
Introduction
The occurrence of 'scalp tenderness' during migraine was first described in 1832 (1) and then documented in greater detail in the 1950s and 1960s (2, 3) , and the 1980s (4) (5) (6) (7) (8) (9) (10) (11) . Using quantitative sensory testing (QST), we found that 70-80% of migraineurs seeking secondary and tertiary care exhibited cephalic and extracephalic cutaneous allodynia (decreased pain thresholds to thermal and mechanical stimulation of the skin) whenever they underwent a migraine attack (12) . Knowing whether a given patient is allodynic during the attack was found to be crucial for effective triptan therapy, because allodynic migraineurs, unlike nonallodynic ones, must resort to triptan treatment soon after the onset of the attack in order to be rendered pain free (13) .
Notwithstanding its scientific merits, QST is a rather impractical, cost-ineffective tool to be used routinely in the doctor's office, involving lengthy testing when the patient is free of migraine, and again during an attack (12, 13) . We have therefore developed a set of questions presented interictally to migraine patients, asking them to recall whether they were aware of skin hypersensitivity during past migraine attacks (14) (15) (16) . When questionned interictally in the clinic about symptoms of skin sensitivity in past attacks, 76% of the patients were 'correctly' classified as either allodynic (Ն1 symptom) or non-allodynic (zero symptoms) in line with the QST analysis (16) . In order to improve on the accuracy of the data obtained from the questionnaire, we examined in this study whether interictal recollection of allodynia symptoms was consistent with observations of allodynia made by the patients during an actual migraine attack at home.
Patients and methods

Patient selection
The study was carried out in accordance with the ethical standards of the Institutional Review Board for Studies with Human Subjects of Thomas Jefferson University Hospital and with the Helsinki Declaration of 1975, as revised in 1983. Included in the study were patients between the ages of 12 and 60 years who met the International Headache Society (IHS) criteria for episodic migraine with or without aura (17) , had one to six migraine attacks per month and were able to give informed consent. Excluded from the study were patients with chronic daily headache or with chronic non-cephalic pain and patients who had been treated with botulinum toxin for any indication.
Experimental protocol
Patients visited the clinic when they were free of migraine, at least 5 days from the conclusion of the last migraine attack. Patients were interviewed regarding migraine history (e.g. age of onset, number of years with migraine, frequency and duration of attacks, pain characteristics) and associated symptoms (e.g. nausea, vomiting, photophobia, phonophobia, osmophobia, muscle tenderness). During the interview, patients were asked to recall whether they had abnormal skin sensitivity during migraine attacks (see questionnaire below). Patients were sent home with a questionnaire which contained the same questions on skin sensitivity as those they were asked during the interview. They were instructed to fill it when having an acute migraine attack. When completed, the questionnaire was either mailed back to the clinic or given to the investigator during the patients' following office visit.
The questionnaire
Do you experience pain or unpleasant sensation on your skin during a migraine attack when you engage in any of the following activities (Yes, No, or Not Applicable): (i) combing your hair; (ii) pulling your hair back (example: ponytail); (iii) shaving your face; (iv) wearing eyeglasses; (v) wearing contact lenses; (vi) wearing earrings; (vii) wearing necklaces; (viii) wearing anything tight on your head or neck (hat, scarf); (ix) wearing anything on your arm or wrist (bracelet, watch); (x) wearing a finger ring; (xi) wearing tight clothes; (xii) being covered with a heavy blanket; (xiii) taking a shower (when shower water hits your face); (xiv) resting your face on the pillow on the side of the headache; (xv) being exposed to heat (examples: cooking; placing heating pads on your face); (xvi) being exposed to cold (examples: breathing through your nose on a cold day; placing ice packs on your face).
Data analysis
Data were analysed using non-parametric statistics (18) . Item-by-item analysis of the questionnaire was performed using the c 2 test or Fisher's exact probability test, depending on sample size and expected frequencies. The number of symptoms cited by allodynic patients was compared with that cited by non-allodynic patients using the Mann-Whitney U-test. Within each group, the number of symptoms cited in the interview was compared with that cited during an attack using the Wilcoxon matched-pairs signed-ranked test. The level of significance was set at 0.05.
Results
The study included 151 patients (125 women, 26 men) 34.4 Ϯ 1.0 years of age (mean Ϯ S.E.M.). They were 16.7 Ϯ 0.7 years old when they sustained their first migraine attack and had 17.5 Ϯ 1.0 years of episodic migraine history. They estimated to undergo 3.5 Ϯ 0.1 attacks per month, each attack lasting 1.6 Ϯ 0.2 days and approximated having a total of 7.0 Ϯ 0.3 days of migraine per month. Based on the interictal interview, the prevalence of migraine-associated symptoms was as follows: visual aura 34% of patients; photophobia 94%; phonophobia 86%, osmophobia 58%; nausea 84%, vomiting 44%; muscle tenderness 53% (16% before and 37% after attack onset). According to real-time records taken during a migraine attack at home, they filled the questionnaire 198 Ϯ 11 min after the headache began to throb.
Criterion for allodynia
Of the 151 patients, 139 (92%) and 132 (87%) cited one or more symptoms of skin hypersensitivity in the interview and during an actual migraine attack, respectively. A patient was classified as allodynic if they cited any one questionnaire item during a migraine attack that they had already cited before in the interview. Using this criterion of consistent citation, 119 patients (79%) were classified as allodynic and 32 (21%) as non-allodynic.
Item-by-item analysis of the 16-item questionnaire
Citation of each of the 16 questionnaire items is listed from the highest to the lowest frequency in Table 1 . During a migraine attack, citations of 15 out of 16 markers of skin hypersensitivity were significantly lower in non-allodynic than in allodynic patients. Data analysis indicated that exclusion of eight lower-frequency items (bottom eight items in 
Patient-by-patient analysis of the eight-item questionnaire
All 116 patients classified as allodynic cited between one and eight symptoms of skin hypersensitivity ( Fig. 1a,b ): mean Ϯ SEM number of items cited was 4.05 Ϯ 0.16 in the interview and 4.22 Ϯ 0.16 during an attack; of these, 3.26 Ϯ 0.16 items were repeated in both situations. Among the 35 patients classified as non-allodynic, about half were unaware of any sign of skin hypersensitivity as expected, but the remaining half cited between one and five symptoms: 2.12 Ϯ 0.32 in the interview and 1.56 Ϯ 0.29 during an attack (Fig. 1c,d) . The proportion of patients classified as allodynic who cited two or more symptoms of skin hypersensitivity was 97% (112/116) based on data recorded during an actual attack, and 94% (109/116) based on the interictal interview. The corresponding proportions of patients classified as non-allodynic who cited two or more symptoms of skin hypersensitivity were 11% (4/35) using data collected during an attack and 26% (9/35) based on interictal interview. 
Diagnosis of allodynia 327
Grouping the patients on the basis of the number of symptoms cited during a migraine attack (Fig. 2) indicated that all patients citing zero symptoms (n = 19) fell in the non-allodynic category, whereas 97% of those citing two or more symptoms (112/ 116) were in the allodynic category. The remaining 16 patients (10.5% of all patients) cited just one symptom of allodynia; contrary to expectation, 75% of those patients fell in the non-allodynic category.
Discussion
We have previously established that 70-80% of migraineurs seeking secondary and tertiary medical help develop cephalic and extracephalic allodynia each time they undergo a migraine attack (12) . This observation was made using QST analysis, in which pain thresholds to mechanical and thermal skin stimulation were determined in each patient interictally (baseline) and during an actual migraine attack. We found that 15% of the patients classified as allodynic by QST were unaware of any marker skin hypersensitivity using a 12-item questionnaire in an interictal interview, and that 48% of those classified as non-allodynic by QST cited one or more items in the interview (12) . We concluded that when patients are free of migraine, they are less likely to reliably remember symptoms that they had experienced in past attacks. However, the present study showed no significant differences between the number of allodynia symptoms recalled in the absence of migraine and the number cited during an actual attack. Moreover, the non-allodynic patients that recalled certain symptoms in the interview cited other symptoms during an attack, suggesting that the questionnaire accuracy may be limited not only by recollection, but also by subjective perception.
In agreement with the rate of allodynia that was determined using QST (12) , 77% of patients in the present study were classified as allodynic if they cited any one questionnaire item during a migraine attack that they had already cited before in the interview. Virtually all patients who cited two or more symptoms during a migraine attack (77% of all patients) fell in the allodynic category, and all patients who cited zero symptoms (12.5% of all patients) fell in the non-allodynic category. The remaining patients who cited just a single symptom (10.5% of all patients) were in the nonallodynic category for the most part. Short of QST analysis, the results suggest that about 90% of the patients can be identified as allodynic or nonallodynic if they cited the same item twice, once interictally and again during an attack or, alternatively, if they cited two or more symptoms during a migraine attack.
In agreement with our previous studies (12, 13, 16) , there was no difference between allodynic and non-allodynic patients in the prevalence of aura (37 vs. 41%), photophobia (94 vs. 94%), phonophobia (88 vs. 79%) or osmophobia (56 vs. 62%). If these symptoms are initiated and mediated by neuronal hyperexcitability in the visual, auditory, olfactory, sensory and motor cortices (19) , our findings suggest that the initiation or maintenance of allodynia does not depend on cortical hyperexcitability.
As a practical approach to identifying allodynic migraineurs, we propose to rely on a questionnaire that focuses on the first eight items in Table 1 , which cover thermal (heat and cold) and mechanical (static and dynamic) allodynia. We recommend that the threshold for allodynia be based on either one of the following methods: (i) a minimum of one item cited consistently interictally and during an attack or (ii) a minimum of two items cited during an actual attack.
